Within the first two years after total hip arthroplasty implant-associated infection has become the second most common reason for a revision 
Introduction
Due to the increasing number of primary joint arthroplasties as well as revision surgeries, implant-associated infections gain in medical and economic importance [1] , [2] . Multimorbidity and multiple previous revisions of the total joint replacement are major risk factors for infections. After insertion of an endoprosthetic implant the human cells and microorganisms compete for the colonization of the implant surface, which is called "race for the surface" [3] . That process is a crucial point particularly for temporary spacer implants within two-stage total hip revisions in terms of septic implant loosening. Spacers consisting of bone cement can be hand-made by the surgeon with or without using casting moulds and metallic endoskeletons. As an alternative, preformed cement spacers are commercially available. Depending on the specific chemical composition, antibiotic loading and the geometry respectively surface of the applied bone cement (e.g. monobloc spacer, beads) the release of the antibiotics is highly variable. Hence, some authors report on antimicrobial effective concentrations of antibiotics even six weeks after cement spacer implantation [4] , the majority of the studies showed a significant decrease of the release of antibiotics already after a few days [5] , [6] . As a consequence, the cement spacer itself may be colonized by residual bacteria. The portion of antibiotics in bone cement is limited, since it impairs the mechanical properties of spacers as well as of the cement mantle around endoprostheses [7] , [8] . The development of a metallic spacer with titanium-copper-nitride (TiCuN) coating should combine the superior mechanical stability of a total hip stem with a biofilm-inhibiting implant surface.
Method
Figure 1: TiCuN coated (DOT GmbH, Rostock, Germany) hip stem and jumbo head for a hemiarthroplasty
Metallic spacers coated with TiCuN are used in patients with proven late periprosthetic infection according to international criteria [9] , [10] as temporary implants within a two-stage revision concept. The total spacer interval is eight weeks. Tissue samples for a microbiological and histological examination are obtained before explantation of the infected total hip endoprosthesis, during implant removal, two weeks before reimplantation and within the reimplantation. The spacers are commercially available metallic hip stems and jumbo heads of different sizes and lengths ( Figure 1 ) with a polished surface which is coated by physical vapor deposition (PVD, DOT Coating, Rostock, Germany). The TiCuN coating is firmly connected to the implant surface [11] . Titanium and copper are released from a target by electricity, ionized and deposited on the implant surface. That process leads to the formation of a face-centered cubic grid of titanium atoms with nitrogen ions embedded in the gaps. The TiCuN coating solely modifies the implant surface but leaves the mechanical properties of the implant unchanged [11] . From the biological point of view, copper combines high antimicrobial respectively biofilm-inhibiting effectiveness with relatively little toxicity for human tissue when compared to other metal ions [12] , [13] . The TiCuN spacers are inserted after removal of the infected soft tissue and bone as well as the total hip endoprosthesis. In most cases the spacer can be implanted without additional cement fixation. If additional rotational or axial stabilization is required, a cement augmentation of the proximal implant part is performed (Figure 2 ). Within the routine laboratory examination of the first and 14 th postoperative day as well as after six weeks, the serum copper level is monitored. Six weeks after spacer implantation tissue samples from the affected hip joint are taken for a microbiological and histological examination by a mini-incision biopsy. In case of missing clinical, microbiological and histological signs of persistent infection, the reimplantation is performed after another two weeks. So far, the application was limited to selected patients. The clinical course of one patient is reported below. 
Diagnosis
Based on the findings, the diagnosis of late implant-associated infection caused by S. capitis after aseptic total hip revision was made. 
Additional diagnoses

Results
Course of treatment 
Discussion
The temporary insertion of cement spacers is a widely accepted procedure in two-stage septic arthroplasty revision to avoid soft-tissue contractures, to apply antibiotics locally and to facilitate the reimplantation [14] . The addition of antibiotics to bone cement is also practiced in conjunction with one-stage septic revisions when a cemented implant is used and the bacterial antibiogram is known [15] . Additional mixing of antibiotics into bone cement intraoperatively reduces the mechanical resilience of the cement [7] , [8] which may lead to breakage of the spacer [16] or cement mantle around endoprostheses. Moreover, manual addition of antibiotics leads to a more varying agent release and the mixing as well as the polymerization may partially deactivate the antibiotics [17] , [18] . Cement spacers made with casting moulds and metallic endoskeletons provide a better mechanical stability [19] . But any type of cement spacer may become colonized by bacteria [20] when the antibiotic elution comes below the antimicrobial effective concentration [5] , [6] . The release of zirconium oxide particles from bone cement is a further disadvantage that received only little attention so far. Zirconium oxide particles are suspected to increase the wear rate of the following revision endoprosthesis [21] caused by ceramic third body particles and hence to result in osteolyses and implant loosening [22] . In order to avoid these disadvantages of bone cement spacers, several concepts of antiseptic or biofilm-inhibiting coatings were developed for metallic implants. Gollwitzer et al. and Vester et al. tested a biodegradable poly(D,L-lactide) coating for binding antibiotics on metallic surfaces [23] , [24] . The clinical application of these PDLLA coatings is still limited due to a rapidly declining release of antibiotics and a poor mechanical stability of the coating [23] , [25] . As an alternative to antibiotics, metal ions are also known to show an antimicrobial and biofilm-inhibiting effect. Silver containing coatings on titanium surfaces have been proven to be effective against Staphylococcus aureus and Staphylococcus epidermidis [26] , [27] . Gosheger et al. reported significantly less infections in an animal experiment with silver-coated implants compared to titanium-coated implants after inoculation of S. aureus [28] . In the animals silver ion levels were elevated in the blood serum as well as in their organs [28] . Since silver ions are known to be toxic to bacteria and human cells by induction of oxidative stress [29] , [30] . Within a second setup, Ti6Al4V test specimens were sol-gel coated with these metal ions. Finally the colonization of the specimens by MC3T3-E1 cells and S. aureus was analyzed. In summary, compared to the other metal coatings, especially silver, copper showed a high antibacterial effectiveness in relation to its cytotoxicity [12] . Haenle et al. confirmed antibacterial effects of Cu-TiO 2 coatings against MRSA [31] . During bending and scratch tests with a single (1x Cu-TiO 2 ) as well as fourfold (4x Cu-TiO 2 ) coating thickness the layer showed a high mechanical stability without cracking or chipping-off [31] which was confirmed in a test series using artificial bones. Moreover, different kinds of copper coatings manufactured with different procedures [11] , [32] , [33] are currently tested aiming towards future clinical use.
Conclusion
Based on the first experiences, TiCuN-coated implants can be appropriate as temporary spacers for two-stage septic hip revision for selected patients. Concerning further application of those coatings for permanent endoprostheses (e.g. tumour implants) or articulating surfaces (e.g. knee endoprostheses) sufficient data are not available yet.
Notes
